Salmonella enterica serovar Gallinarum (SG) is a fowl typhoid agent in chickens and is a severe disease with worldwide economic impact as its mortality may reach up to 80%. It is one of a small group of serovars that typically produces typhoid-like infections in a narrow range of host species and which therefore represents a good model for human typhoid. The survival mechanisms are not considered to be virulent mechanisms but are essential for the life of the bacterium. Mutants of Salmonella Gallinarum containing defective genes, related to cobalamin biosynthesis and which Salmonella spp. has to be produced to survive when it is in an anaerobic environment, were produced in this study. Salmonella Gallinarum is an intracellular parasite. Therefore, this study could provide information about whether vitamin B 12 biosynthesis might be essential to its survival in the host. The results showed that the singular deletion in cbiA or cobS genes did not interfere in the life of Salmonella Gallinarum in the host, perhaps because single deletion is not enough to impede vitamin B 12 biosynthesis. It was noticed that diluted SG mutants with single deletion produced higher mortality than the wild strain of SG. When double mutation was carried out, the Salmonella Gallinarum mutant was unable to provoke mortality in susceptible chickens. This work showed that B 12 biosynthesis is a very important step in the metabolism of Salmonella Gallinarum during the infection of the chickens. Further research on bacterium physiology should be carried out to elucidate the events described in this research and to assess the mutant as a vaccine strain.
INTRODUCTION
Salmonella enterica serovar Gallinarum (SG) is the fowl typhoid agent in chickens, a very severe disease with worldwide economic impact and with which mortality may reach up to 80% (5, 9). It is one of a small group of serovars that typically produces typhoid-like infections in a narrow range of host species and which therefore represents a good model for human typhoid. The disease is most severe where environmental conditions and management systems do not allow hygienic control measures to be introduced (36) .
Although a live vaccine (SG9R strain) is commercially available and has been used extensively, it harbor undefined attenuations and retains a degree of virulence (18, 19, 28, 48) .
Despite of additional strains having been described of having more defined mutations (5, 7, 8, 22, 56) none of these combine the high level of protection of the 9R strain with its ability to stimulate a specific circulating antibody (55). There thus remains considerable scope for further exploration of the virulence basis of this pathogen.
To survive intracellularly, SG uses anaerobic respiration to obtain its energy (20) . As part of its ability to adapt to different growth conditions, SG may alter the composition of its respiratory system (23, 39) . Different components can be substituted in the membrane in place of or in addition to other components as they are needed and can become fully functional parts of the entire system (32, 33) . There are three types of respiratory components. (i) Substrate-specific dehydrogenases, which carry out the oxidation of organic substrates and feed electrons into the mobile quinone pool;
(ii) quinones, which deliver reducing equivalents to the terminal oxidoreductases; and (iii) terminal oxidoreductases, which prevent the terminal electron acceptors from being used (17) . The amount of each component is strictly regulated to optimize the respiratory chain according to the substrates present and the physiological needs of the cell (34) Bacteria can use substrates other than NADH, such as succinate, pyruvate, or lactate as primary electron donors and a number of alternative electron acceptors, such as dimethyl sulfoxide, fumarate, and nitrate, in addition to oxygen (17) . Asp,Asn,His,Tyr (16, 35) .
The main use of B 12 in Salmonella appears to be a cofactor for propanediol dehydratase, the first enzyme in propanediol degradation. This conclusion is based on the fact that the cob operon, is induced by propanediol and is coregulated with the pdu operon, which are encoding genes for propanediol degradation (11, 41) . This control pattern suggests that perhaps propanediol could be used as a useful carbon and energy source which is frequently valuable and available under anaerobic conditions, because it is made as a by-product during degradation of common plant sugars (29, 53 (40) . However, the exact relation is unknown.
Studies to understand the pathogenicity of Salmonella look for virulence genes. Although, the survival mechanisms are not considered to be virulent mechanisms, they are essential for the life of the bacterium. In this study, mutants of SG containing defective genes related to cobalamin biosynthesis were produced. Since SG is an intracellular parasite, the study might provide information about whether vitamin B 12 biosynthesis could be essential to its survival in the host. Media were compared statistically by Tukey test (p < 0.05).
MATERIAL AND METHODS

Bacterial
RESULTS
In experiment 1, the mortality caused by SG ∆cobS or/and ∆cbiA genes was assessed (Table 1) . In groups where the birds were challenged with neat culture of the strains containing single mutation, the mortality was similar to group of birds receiving the wild strain of SGNal r , and there was no mortality in birds inoculated with SG Nal r ∆cobS∆cbiA (p<0.05). At lower dose, however, SG ∆cobS and SG∆cbiA provoked mortality higher than SGNal r (p<0.05). Mortality by SGNal r strain started around seven dpi and all of remaining birds died before 14dpi whereas no mortality was seen in group of birds infected with SG Nal r ∆cobS∆cbiA. vitamin B 12 biosynthesis. It was noticed that diluted SG mutants with single deletion produced higher mortality than the wild strain of SG did. When double mutation was carried out, the mutant of SG was unable to provoke mortality in susceptible chickens. Further work towards bacterium physiology should be carried out to elucidate the events described in this research.
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RESUMO
